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Abstract
This paper discusses the flight scheduling problem by allocating an appropriate airplane
for flights between four places using optimization methods. The target of this problem is
to maximize the utilization efficiency of seats with distances involved. All the passengers
are equally considered as economic class and they must be transported to the destinations
directly, which means there can’t be any mid-stops. And any airplane must take two or
more flights. There are three airplanes for selection with different capacities which is the
maximum number of passengers onboard. And there are four cities as well as the distances
between any two of them. For the given cities, as a result, the maximum efficiency is found
at 85.36%.

Introduction
For the users of transportation airplanes, like airline companies, one of their major demands
is reducing the cost of each passenger or unit weight of cargo, to maximize the benefit. For
passenger transportation, if there are some empty seats in a flight, the income from this
flight may not exceed the cost leading to some finical lost. Or airline companies can sell
more tickets than the capacity of the airplane for a flight in case that some passengers may
cancel their order just before takeoff. However, if some passengers can’t check-in
successfully due to lack of available seats, airline companies usually need to make
compensation and will lose a bit of reputation. Thus, it is necessary to schedule an
appropriate airplane for each flight to make airplanes as fully loaded as possible. Besides
fuel consumption can be saved so that less greenhouse gas will be generated (e.g. CO2 and
NOx)
This problem is close to the travelling salesman problem and the transportation problem.

The purpose of travelling salesman problem is to get the shortest possible route that visits
each city and returns to the origin city, given a list of cities and the distances between each
pair of cities. Transportation problem focus on finding the minimum cost of transporting a
single commodity from a given number of sources to a given number of destinations.

Background
There are some previous works that have been done about both travelling salesman
problem and transportation problem. For an On-demand air transportation problem, a
time-space multi-commodity network is introduced to derive the mathematical model
which is then solved using CPLEX. Another model for transportation problem develops
the transportation solution for the North West Corner Rule, Least Cost Method, Vogel’s
Approximation Method, and Modi method for the transportation problem. And for both
problems, genetic algorithm is used widely.

Model
The selected airplanes are as Table 1. And there is only one for each type of airplane.
NO.

Type

Capacity

1

B737-800

189

2

ERJ-195

118

3

A321

236

4

none

0

Table 1. selected airplanes and their capacities, c[n]
The purpose of this problem is to fill Table 2, which is scheduling proper airplanes for each
flight. Each location of Table 2 is called n[i,j].
From\to

Chicago

Chicago

4

Dallas
Atlanta
Kansas City

Dallas

Atlanta

Kansas City

4
4
4

Table 2. type of airplane arranged for each flight segment, n[i,j]
The distance between any pairs of cities (i.e. dist[i, j]) which is calculated by GPS locations
and the number of passengers(i.e. psg[i, j]) are as Table 3 and 4 respectively.

From\to

a. Chicago

b. Dallas

c. Atlanta

d. Kansas City

a. Chicago

none

805

592

415

b. Dallas

805

none

719

452

c. Atlanta

592

719

none

678

d. Kansas City

415

452

678

none

Table 3. distance between each pair of cities, dist[i, j]
From\to

a. Chicago

b. Dallas

c. Atlanta

d. Kansas City

a. Chicago

none

79

113

201

b. Dallas

167

none

91

219

c. Atlanta

112

169

none

109

d. Kansas City

216

221

181

none

Table 4. number of passengers for each flight, dist[i, j]
For this flight scheduling problem, there exist two internal constraints: 1. after landing at
one city, the airplane must start from this city for its next flight; 2. the airplane can’t be
arranged for the flight if the maximum number of passengers of the airplane is less than
the number of passenger of that flight.
So the what will be optimized is
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Table 2 except locations that i equals j is transferred into a vector. Each element of the
vector corresponds to a flight. The value of elements in the vector means the selected type
of airplane. The value in vector can be 1 or 2 or 3 which corresponds to the type of airplanes
in Table 1. Then the vector is optimized by intlinprog function of MATLAB. The search
space is discrete and the search technique is heuristic. And search is implemented as branch
and bound method.

Result
The result may not be the global answer. But considering that the total number of solution
is not large, the result is still quite reliable. The schedule is shown is Table 5.

From\to

Chicago

Dallas

Atlanta

Kansas City

Chicago

4

1

1

2

Dallas

3

4

1

2

Atlanta

1

3

4

3

Kansas City

2

2

3

4

Table 5 scheduled airplane for each flight
This result can be transferred into more than one route of three airplanes. Table 6 is one
possible route:
ERJ 195

A321

B737-800

Chicago

Chicago

Atlanta

Dallas

Kansas City

Kansas City

Atlanta

Dallas

Atlanta

Chicago

Kansas City

Dallas

Atlanta

Chicago

Chicago

Table 6 one possible optimized route

Future Work
For the continuing work, on the one hand, more factors could be added into the problem.
For example, if flight cost is involved as the optimization object including fuel
consumption rate, maintenance cost and crew salary, the result will be more helpful for
airline companies to control cost and to improve benefit. On the other hand, this
optimization can be extended to larger scale, which means there are more cities, passengers
and airplanes. This will also bring some challenge that passengers from city A to city B
could need more than one flight.
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